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(54) Gas adsorption sheet and air-purifying filter 

(57) The gas adsorption sheet of the present inven- 
tion has a granular activated carbon-containing sheet 
comprising a granular activated carbon having an aver- 
age particle diameter of 60 to 600 ^m, a supporting f ber 
for fixing the granular activated cartx)n in contact with it. 
and an adhesive fiber which mainly contributes to shape 
retention. An air-purifying filter of the present invention 
is obtained by forming the gas adsorption sheet into a 
shape of pleats or wave. A method for produdng a gas 
adsorption sheet of the present invention comprises a 
step of forming a granular activated carton-containing 
sheet by using an aqueous slurry containing a granular 
activated cartx)n, a supporting fiber and a water-swell- 
ing adhesive fiber. 
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Description 

tOOOl] The present invention relates to a gas adsorption sheet having a deodorizing function and an air-purifying fitter 
having a dust-removing function and a deodorizing function, and relates to a method for producing the gas adsorpton 
sheeL 

[0002] Heretofore, a granular activated cartjon has generally been used for purification or deodaizing of a gas or liq- 
uid because of its cheap price, good air permeability and strong adsorbaWlity for a solute In an aerosol or solution. 
[0003] As one of techniques of applying such a granular activated carbon to an air-purifying filter, there is a sheet-liKe 
adsorption material to be used by passing an air to be purified through the sheet in a direction perpendicular to the 
sheet surface. However, it is not easy to fomi into a filter by using the granular activated carbon alone in such a sheet- 
like adsorption material. Even if the filter could be formed by using some carrier, there arises a problem thattfie granular 
activated carbon is easily released and lost from the carrier. Under these circumstances, it has been rec^iired to develop 
a technique capable of effectively using the above granular activated carbon as a raw material of the air-punfying filter. 
[0004] On the other hand, with the increase of a problem about dust contamination, there has been required an air- 
purifying filter comprising a filter having a dust-removing function and a filter having a deodorizing function 'n ~rnbina- 
tion. However, in the configuration wherein a dust-removing filter and a deodorizing f Oter are separately provided, there 
was a problem about the space or a problem that the cost is liable to become higher. .-u 
[0005] As a technique of effectively using the granular activated cartjon as a raw material of the air-purrfying filter, 
there is known a method of carrying an activated carbon with a non-woven fabric, a net-like substrate or polyurethane 

[TOwf "iS^Sample JP-A-48-72088 discloses a gas adsorption sheet obtained by applying an adhesive on a non- 
woven sheet and distributing an activated carbon thereon. However. In the case of such a gas adsorption sheet, when 
the activated carbon strongly fixed is required, the pore surface of the non-woven fabric must be coated witt. a large 
amount of the adhesive. As a result, the air permeation resistance becomes higher and there was a pioWem that earty 
ctogging is liable to be caused by comparatively coarse powders such as pollen, sand dust, spike du^ and the lite. 
[0007] JP-A-9-285531 discloses a gas adsorption sheet obtained by coating a binder on a net-like sU)Strate to reduce 
pressure loss and then carrying an activated carbon, while JP-B-4-35201 discloses a gas adsorption sheet obtained by 
coating a binder on a polyurethane foam and then carrying an activated carbon. However, in order to put such a g^ 
adsorption sheet to practical use as a filter, it is necessary to further laminate some sheet lor preventing an actuated 
carbon from falling off at least on the downstream side. Since the sheet for preventing an activated carbon from falling 
off is peeled off by a wind pressure during use even if the sheet is merely laminated without fixing, it is necessary to fa 
it by some method. One method includes a method using an adhesive. In this method, however, the same phenomenon 
as that desCTibed above occurs and the air permeation resistance becomes higher. A method using no binder indudes 
an entangling method using a needle punch. However, since a f ixing force of the activated carbon is small, the falling 
off degree of ttie activated cartjon becomes larger to lower the deodorizing capability. Therefore, it was a problem on 

practical use. ... ^ . 

[00081 Also the spedf ication of U.S.P. Na5605746 discloses a f brous structure comprising a non-woven fiber matrix 
formed from romposite fibers of a heat adhesive fiber and the other fiber, and a granular activated carbon or the like 
entrapped in and fusion bonded to the matrix. In addition, the specification of U.S.RNa5674339 discloses a production 
method of such a fibrous structure. The production method comprises steps of dry forming an open fibrous web sfruc- 
ture comprising the heat adhesive fiber and the other fiber, distributing and entrapping the granular activated caitson 
having a suitable size, weight, and the like in the web structure, and heating to fix the granular activated carbon or the 
like to the web sti'ucture by melt bonding. . . 

[0009] However, in such a method for fixing the granular activated carbon by heat adhesive fiber, it is diff icuft to fix it 
with reliability so as not to fall off. Therefore strongly fixing of the granular activated carbon and adsorption or air-per- 
meation property can not easily coexist as well as the above prior arts. 

[0010] As explained above, a satisfactory gas adsorption sheet or air-purifying fitter which firmly carries a granular 
activated carbon and is superior in adsorbabilrty to a gas with bad odor and folding processability. and which causes 
small pressure loss and litfle clogging wrth dust, is not still obtained at present. ^ ^ ^ .. ,.|. 

[0011] Ontheotherhand.variousfiltersobtainedbyintegrallylaminatingadust-removingfitterandadeodorizingfitter 

have been proposed to solve the problem about insufficient dust-removing peribrmance. 

[0012] For example JP-A-4-74505 discloses a filter obtained by bonding a dust-removing fitter using an elecb-et non- 
woven fabric and a deodorizing f yter formed by using a suspension of a granular activated carbon in a latex as an adhe- 
sive, and integrally forming the resuHant into a shape of pleats. However, ttie electret non-woven fabric disclosed in this 
publication is a so-called span-bond type electret non-woven fabric. In ttie case of this non^oven <abnc the di«t- 
removing function is insufficient. Since early clogging occurs to cause rapid increase of pressure lo^. a life time of the 
fitter is over before that of the deodorizing sheet is over. Therefore, it was not satisfactory in view of the fitter function 
and economy. 
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[0013] JP-A-7-265640 discloses a filter wherein dust is three-dimensionally trapped by raising an electret fiber. 

thereby making it hard to cause clogging. The electret fiber disclosed in this pi^lication is also a so-called span-bond 
type electret filter and, therefore, the charge rate was low and satisfactory dust-removing efficiency could not be 
obtained. 

5 [001 4] As described above, there is still to be obtained a filter having a combined function of dust-removing and deo- 
dorizing, which exerts a sufficient dust-removing effect and has a long filter life, at present. 

[0015] Under these circumstances, the present invention has been accomplished. That is. an object of the present 
invention is to provide a gas adsorption sheet having good air permeability and excellent retention of an activated car- 
bon, and an air-purifying filter whose dust-removing performance can be maintained for a long period to provide a 

10 method for produdng the gas adsorption sheet. 

[0016] To attain the above object, the present inventors have studied intensively about a structure for retaining the 
granular activated cartx)n by using a fiber and formation thereof. As a result, they have found that a gas adsorption 
sheet having good fixing strength of the granular activated carbon and good air permeability can be obtained by sut)- 
stantially fixing the granular activated carbon using a supporting fiber, not fixing the activated carbon using an adhesive. 

IS [001 7] The present inventors have also found that the above sheet can be preferably produced by mixing the granular 
activated carbon with the supporting fiber and subjecting the mixture to a wet paper method. In that case, they have 
found that it becomes possible to make the structure for retaining the granular activated carbon using the supporting 
fiber more strong and stable by adding a small amount of an adhesive fiber, in addition to the above granular activated 
cartx>n and supporting fiber. 

20 [001 8] The present invention provides a gas adsorption sheet characterized in that the deodorizing sheet and electret 
non-woven fabric are integrally laminated and, furthermore, the electret fiber is a film split type electret fiber. The 
present invention also provides an air-purifying filter characterized in that the above gas adsorption sheet is formed in 
a shape of pleats or wave. 

[0019] The present inventors have further studied on the basis of the above knowledge, thus completing the present 
25 invention. 

[0020] The above object can be attained by the present invention as described below. 

[0021] The gas adsorption sheet of the present invention is a gas adsorption sheet having a granular activated car- 
bon-containing sheet, said granular activated carbon-containing sheet comprising a granular activated carbon having 
an average particle diameter of 60 to 600 ^m, a supporting fiber for fixing the granular activated carbon in contact with 

30 it, and an adhesive fiber which mainly contributes to shape retention. A gas adsorption sheet having good fixing 
strength of the granular activated cartoon and good air permeability can be obtained by substantially fixing the granular 
activated carbon using a supporting fiber, not fixing the activated cartx)n using an adhesive. Thereby it becomes pos- 
sible to minimize the amount of the adhesive component such as adhesive and to get the intrinsic deodorizing perform- 
ance of the granular activated carbon to the utmost degree and, at the same time, it becomes possible to maintain the 

35 air permeation resistance of the whole sheet. 

[0022] In the above sheet, the granular activated carbon-containing sheet preferably comprises a surface layer and a 
back layer formed on the back of the surface layer, the surface layer containing less granular activated carbon than the 
back layer. Such a surface layer makes it possible to fold in a state of being hardly contacted with the granular activated 
carbon. Also it becomes possible to surely prevent the granular activated cark>on from flowing out by providing the sur- 

40 face layer on the downstream side on air permeation. From such a point of view, the sheet has a surface layer contain- 
ing no granular activated carbon, more preferably. 

[0023] It is preferred that the granular activated cari^on-containing sheet is integrally formed by wet bonding using a 
water-swelling fiber as the adhesive fiber. In the case of such wet bonding, since the attaching force between the sup- 
porting fiber and granular activated carbon becomes larger on drying, the granular activated cartxjn is fixed in the sheet, 
45 integrally and firmly, It becomes very hard to arise falling off of the granular activated carbon upon folding. 

[0024] With respect to the supporting fiber, an outer surface area is preferably not more than 1 m^/g, a fiber length is 
from 3 to 20 mm and a density is from 0.8 to 1 .7 g/cc. Thereby the air permeability, adsorption performance and paper- 
making property of the resulting gas adsorption sheet are improved. 

[0025] The granular activated carbon-containing sheet preferably contains the granular activated cart>on in an amount 
50 of 30 to 80% by weight based on the total weight. Thereby the adsorption performance and strength of the resulting gas 
adsorption sheet are improved. 

[0026] The granular activated cart>on-oontaining sheet is preferably provided with small pores capable of substantially 
permeating an air in a thickness direction. By forming these small pores, it is possible to further reduce pressure loss 
and to largely enhance the dust retention anraunt. Furthermore, it is possible to largely enhance the life of the gas 
55 adsorption sheet. 

[0027] In that case, an average open area per one pore of the small pores is preferably from 0.5 to 3 mm^. The 
number of the small pores Is preferably from 1 to 20 per 1 cm^ of the granular activated carison-oontaining sheet. Fur- 
thermore, a porosity of the small pores is preferably from 3 to 10%. 
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U adsorption sn« into a sW. Jj*?^" '^^JS^.S^Tt^ ton, penod bacausa jas adso^Hon 

preferably from 2 to 30 mm. ^ tho nresent invention is a method for producing a gas adsorption 

[0034] on the other hand, the producton method ^'^^^^P'^T^^^ sheet, said step comprising the steps 
Let. wrtch comprises a step of forming a granul^^^^ 

ror't^srssrm^^^ 

granuter activated carbon^ntaining ^^^^^^ ^ in sedimentation ratio of the 

30 L granular activated carbon can be '^''^^ 1° * ^^"IT^^^^^^^^^ activated carbon than the ba* layer, 

solid content, it is also possible to form a suriace '^y^^T^^"'"^^^^, ^^ present invention, in which (A) shows one 
[0036] Fig. 1 isaschematicdiagramshowingagasa^orjionshe^^^ i^i a„ air-permeable 

reference to the accompanying drawings. catbon-containing sheet according 

100381 Fig. 1(A) shows a gas adsorption sheet formed only or a ^ invention comprises a granular 

pres'ent Iniention. The granjjar f l'^^^' ^^^^^^^^^^ SSc with it. and an adhesWe fiber 

« activated ca*on 1 . a supporting '^'^^^ """^^^^^^^^ fiber and adhesive fiber are shown as a 

which mainly contributes to shape retention. In this ''[^'r"^' d,awing, the higher the content of the gran- 
mlxed tber «mponent 2. In this embodiment the l»ver me g>«*^'^.;^^^^^^^^^^ ^ted carbon 1 than a back 
ular activated carbon. On the upper ^^^f « ^ slc^Suration can be formed by utilizing a difference 

layer l^. preferably no granular f^t,' This drawing schematically shows a con- 

;;;Sn^rgi^"rsrp:^^^^^^ 

E;^rn^%s.wsaschema.cdiag«mo,«,eg^^^^^^^ 

U ani a cS^er sheet 4 according to the presert in^^^^^^^ ^.^X^Slpermeable sheet L3. a non-woven 

[^1 The'respecBveconstituertmaterialswillbedescrib^in^^^^^ 
Theav?a8epartidediamejerd.heg|.^^^^^^^^ 

Invention is prefer^y falHng off of the adsort,ent. P^^^-J 

case of using a JIS standard sieve (JIS Z8801 'ri viw ,^ j^^es too large to 

srn'^r^';n:cr:srf^'riiri.a.p^ 
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can cause an early increase in pressure loss upon dust renfK>ving. When the average particle diameter exceeds 600 
^m. falling off is liable to occur and the initial adsorption performance in one pass becomes very lew and, furthermore, 
the processabilrty upon folding and forming into a wave shape is lowered in the case of an air-purifying filter having a 
shape of pleats or honeycomb. 
5 [0042] The above granular activated cartx>n can be obtained by appropriately adjusting a particle size using a normal 
classifying apparatus. 

[0043] The granular activated carbon used in the gas adsorption sheet of the present Invention is not specifically lim- 
ited. For example, those derived form coconut shell, wood, charcoal and pitch are preferably used. The above granular 
activated carbon is preferably used in the form of ground carbon, granulated carbon or beads cart)on. 

10 [0044] A toluene adsorption amount measured in accordance with J IS K1474 of the granular activated cart»)n used 
in the gas adsorption sheet of the present Invention is preferably not less than 20% by weight. This is because high 
adsorption performance is required to a non-polar gaseous or liquid substance such as gas with bad odor. 
[0045] The granular activated carbon used in the gas adsorption sheet of the present invention may be subjected to 
a chemical treatment for the purpose of improving the adsorption performance of a polar substance. The chemical used 

75 in a gas chemical treatment includes, for example, amine chemical (e.g. ethanolamine, polyethyleneimine, aniline, p- 
anisidine. sulfanillc acid. etc.}. sodium hydroxide, potassium hydroxide, guanidine carbonate, guanidine phosphate, 
aminoguanidine sulfate, 5.5-dimethylhldantoin. benzoguanamine, 2.2-iminodiethanol, 2,2.2-nitrotriethanot, eth- 
anolamine hydrochloride, 2-aminoethanol, 2.2-iminodiethanol hydrochloride, p-aminobenzoic acid, sodium sutfanilate. 
L-arginin, methylamine hydrochloride, semicart^azide hydrochloride, hydrazine, hydroquinone, hydroxylamine sulfate. 

20 permanganate, potassium carbonate, and potassium hydrogencarbonate are preferably used to an acidic polar sub- 
stance such as aldehyde gas, nitrogen compound (e.g. NOx, etc.), sulfur compound (e.g. SOx, etc.) and acetic acid. For 
example, phosphoric acid, citric acid, malic acid and ascorbic acid are preferably used to a basic polar substance such 
as ammonia, methylamine, trimethylamine and pyridine. The chemical treatment is conducted, for example, by retaining 
a chemical with the granular activated carbon or adding it to be adhered to the carbon. In addition to a method of directly 

25 treating the activated cartx>n with the chemical, a method of coating the surface of the sheet including them or a method 
of impregnating the whole sheet can also be used. 

[0046] The granular activated carbon-containing sheet contained in the gas adsorption sheet of the present invention 
preferably contains the granular activated carbon in an amount of 30 to 80% by weight. When the amount is smaller 
than 30% by weight, good adsorption performance can not be obtained. On the other hand, when it exceeds 80% by 

30 weight, the strength of the gas adsorption sheet tends to be lowered. 

[0047] The granular activated cartxsn-containing sheet contained in the gas adsorption sheet of the present invention 
preferably contains the supporting fiber in an amount of 5 to 50% by weight. When the amount is smaller than 5% by 
weight, the paper-making property becomes inferior. On the other hand, when it exceeds 50% by weight the adsorption 
effect tends to become inferior. 

35 [0048] The outer surfece area of the supporting fiber used in the gas adsorption sheet of the present invention is pref- 
erably not more than 1 m^/g. When the outer surfece area exceeds 1 m^/g, the air permeability and paper-making prop- 
erty tend to be lowered. 

[0049] As the atxive supporting fiber, both of a f ibrillated fiber smd non-f ibrillated fiber can be used. 

[0050] The fiber length of the supporting fiber used in the gas adsorption sheet of the present invention is preferably 

40 from 3 to 20 mm. When the fiber length is smaller than 3 mm, the air permeability is deteriorated. On the other hand, 
when it exceeds 20 mm. the paper-making property and formation of the sheet tend to be deteriorated and the disper- 
sion of the air-permeation resistance and the adsorption performance tend to become larger. 
[0051 ] The density of the supporting fiber used in the gas adsorption sheet of the present invention is preferably from 
0.8 to 1 .7 g/cc. When the density is smaller than 0.8 g/cc. a paper-making slurry is formed in the state of separating the 

45 supporting fiber and granular activated carbon and. therefore, a dense layer of the supporting fiber Is formed, thereby 
to increase pressure loss. Also the fixing of the granular activated carbon by the supporting fiber becomes insufficient, 
resulting in increased falling off of the granular activated cartx>n. On the other hand, when the density exceeds 1 .7 g/cc, 
since a difference in density between the supporting fiber and granular activated carbon (density: about 1 .8) is small, a 
surface layer is not formed and the expected object is hardly attained. 

50 [0052] As the above supporting fiber, a hydrophilic one is prefen'ed. This is because the activated carbon-containing 
sheet is formed more firmly 

[0053] The material of the supporting fiber used in the gas adsorption sheet of the present invention is not specifically 
limited. For example, there can be used synthetic fibers made of polyester, polyacrylonitrile. polyamide. polyolefin. etc. 
and fibers made of linter, cotton, hemp, wood pulp, rayon, glass, etc. Prefenred are fibers made of wood pulp, rayon, pol- 
55 yester. polyolefin. polyamide, etc. 

[0054] The cross section of the fiber may have a concentric circular or irregular shape. A aimped fiber can also be 
used. 

[0055] The adhesive fiber used in the gas adsorption sheet of the present invention may be any one which serves as 
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plexfiber. polyamide complex fber or the like. ciHe-bv-side structure, or a crimped fiber. 

[00561 Such a fiber may also be a fber havjng a f^f^*" present inverrton is preferably from 

The density of the adhesh^e f ber ^"^^^'^^.T^^J^Z^^' ^ paper-maWng ^unj 

K^Thefiberleng.of.eadhes.efiberu^^^^^^^^^^ 
Sto20mm.V«,enthefber.e2.^^sn«n^^^^^^^^ 

TJ^^^o1!^^-^r^^^<^ P^.'^l^raSSon sheet of the present invention is preferably 
T;e n^xng ratio of the adl^es- fiber u^^^ ,3 s-ailerthan 1% ^ 

Irom 1 to 30% by weight. "^^J^P^^^^tJe ^d^^^^^^ On the other hand, when H exceeds 30% by 

S^SrJi J«y be incorporated into J^^'^J^SX^^^^ corresponding to the 

«, ForLmple,bycontainingthef^amerefaJ^^^^ 

ts^r^raT^rrrr^^^^^^^ 

rSir^taC^«e.oenhance^edeodor.l^«uK«^'>y-i^a«^-^'^-«^~^^^^ 
we air permeability and processability .ueet of the present invention is preferably not less than 

Snc, « to«»eO. on »e o*« hand. ^ l^S^ra^S.* »^ 

bVoroduced by various methods, but the production method P?^"^^^^^^ a gas adsorption, which com- 
S^^eSTolfTT^e producson method o, tt. pre^nt ^^^^ the steps of preparingan 

40 prises a step of fomiing a granular ^'^jl^'td^^^^ particle diameter of 60 to 600 jmi. a support- 

aqueous slurry containing a granular acttvated "^^^.^^^ussiL ^r^ a sheet-like fomi. and mechanicaltydewa- 
?,i fiber and a water-swelling adhesive f be. ^^^^^".SSmert^^ be described with reference to Fig. 2. 
teeing and drying the aqueous slurry spread A P'^'^f^^^ ^ ^ aqueous solution as a dispersion medium 
SS?1 The atSveaqueousslurry is .^ually P'^^^^J^ S a container 12. The supplied aqueous 
« accorUtoacorNention^method.and.ssiwl^ fr^^^^^^^ and then mechanical dewater^ 

slurry is spread in a sheet-like form on the uppe surface d a ne^^ 

Ll^^ndu.^-^^^^^^ ' ^ 

t,re«??^sri^;2-i3.f4:^su2^^^ 

SSJ ?Hed««ateredwebisconveyedtoa^ 
contad-dried on the rotary drying drum 16 to fojm a gas^^^^^^^ 
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through the at>Gve step of dispersing in water considering uniform dispersion of the activated cart>on, etc. 
[0070] Regarding the gas adsorption sheet of the present invention, the above mentioned characteristics can be fur- 
ther improved by forming small pores substantially permeating air in the thickness direction of the gas adsorption sheet. 
[0071] These small pores may penetrate the gas adsorption sheet or not, and may be pores which are formed in the 

5 thickness direction of the gas adsorption sheet and are capable of substantially air permeable. 

[0072] The average open area per one pore of the small pores formed in the gas adsorption sheet of the present 
invention is preferably from 0.5 to 3 mm^. and more preferably from 1 to 2 mm^. When the average open area is smaller 
than 0.5 mm^ the effect of reducing the air permeation resistance and reducing clogging by the dust is small. On the 
other hand» when the average open area exceeds 3 mm^. fixing of tiie granular activated carbon becomes insufficient 

10 and there is a fear of falling off tiie granular activated carbon. 

[0073] For samples having a size of 1 cm x 1 cm obtained by cutting from arbitrary three points of the gas adsorption 
sheet, the average open area per one pore Is determined by using a microscope with an area measuring function, e.g. 
high-accuracy digital microscope VH-6330 manufactured by KEYENCE CORPORATION. 

[0074] The porosity of tiie small pores formed in tiie gas adsorption sheet of tiie present invention is preferably from 
75 3 to 10%. and more preferably from 5 to 8%. When the porosity is smaller tiian 3%, the effect of reducing the air per- 
meation resistance and reducing clogging by the dust is small. On the other hand, when the porosity exceeds 10%, fix- 
ing of the granular activated carbon becomes insufficient and there Is a fear of felling off tiie granular activated cart)on. 
[0075] For samples having a size of 1 cm x 1 cm obtained by cutting from arbitrary three points of the gas adsorption 
sheet, the porosity is determined by measuring the sum of the open area and calculating from the following equation. 

20 

Porosity (%) = [sum of open area]/[sample area] x 100 

[0076] Considering the open area and porosity as described above, the number of tiie fine pores formed in the gas 
adsorption sheet is preferably from 1 to 20, and more preferably from 5 to 1 5, per 1 cm^ of the granular activated cartx)n- 
25 containing sheet. 

[0077] The method of opening the small pores formed in tiie gas adsorption sheet of the present invention is not spe- 
cifically limited, and a needle punch method, an air punch method and a water punch method are preferably used alone 
or in combination thereof. The shape of the open portion is not specifically limited, but is preferably cylindrical or conical. 
[0078] The gas adsorption sheet of the present invention causes less falling off of the activated cartx)n and has low 
30 air pemieation resistance, high deodorizing performance and high dust-removing performance. But It Is prefon-ed to 
laminate the airisermeable sheet on tiie back layer of tiie granular activated cartx)n-containing sheet described above 
due to tiie reason described above. 

[0079] The kind of the air-permeable sheet used in the gas adsorption sheet of the present invention is not specifically 
limited. For example, a non-woven fabric, a woven fabric or a nit may be preferably used. 
35 [0080] The material of the air-permeable sheet used in the gas adsorption sheet of the present invention is not spe- 
cifically limited. For example, woodpulp, rayon, acetate, polyester, potyacrylonitrile, polyamide, polypropylene, polyeth- 
ylene and polychlal can be used alone or in combination thereof. 

[0081] As an air-permeable sheet used in the gas adsorption sheet of the present Invention, a permanentiy charged 

eledret sheet is particularly laminated, so that the effect of removing sub-micron particles including dgarette smoke 
40 particles, carbon particles, sea salt particles, etc. can be enhanced. As tiie method of obtaining such an electi^et sheet, 
there can be used a known method such as metiiod of forming a fiber made of a raw material capable of converting into 
an elecb'et into a non-woven fabric and subjecting the non-woven fabric to a corona charge treatment and a film split 
method of splitting an electret film into fibers and forming tiiem into a non-woven fabric. It is particularly preferred to use 
the film split method which can enhance charging efficiency and can form a sheet in a bulky state with lowered pressure 

46 loss. 

[0082] The raw material of the film split type electret fiber used in tiie present Invention is not specifically limited. For 
example, tiiere can be preferably used polyolefin polymer such as polypropylene, polyethylene, syndiotactic polysty- 
rene, etc.; a-polyotefin polymer such as poly-4-methyl-1-pentene. etc.; fluoropolymer such as teflon, etc.; and polycar- 
bonate, polyester, etc. 

so [0083] The method of producing the film split type elecret fiber used in the present invention is not specifically limited. 

For example, the film split type elecret fiber is produced by melt-extruding tiie above resin to make a cast film, stretching 

this film in a stretching ratio of 5-10 in a longitudinal or transverse direction to form a stretched film, charging the 

stretched film to make an electret film, and splitting the electret film using a fiber splitting cutter. 

[0084] In tiie case of charging the stretched film, charging methods such as corona charging, field discharging, elec- 
55 tron beam radiation, friction charging and the like can be used alone or in combination. As tiie method of splitting the 

electret f flm, a method using a needle cutter, a saew cutter, a blade cutter, etc. can be used. 

[0085] The average split widtii of the film split type electret fiber used in tiie present invention is preferably from 1 0 to 

500 )im, more preferably from 20 to 300 fim, and most preferably from 40 to 200 iim. 
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...^ -i-M,rt«»v»rusad in the present invention is preferably 
10086] Thethicknessd1heelectretfUmofthefamsplrttypeelectretfl,erused.nthep 

from 3 to 30 i«n. n«,eniit««neelectretfil>er used in the present invention preferably has a 

t00871 The surface charge densrty of the Mm sp^rt^dertrrt^^ 

Sum surface charge den^ty '«P.^«2.tle'fS^r^u^^^^^^ Se film s^S type electret fiber in the a.r-perm«. 
6 [0088] ThepacWngdensitydeterm.nedbyJefonowmg«lu^^^^ 

Se Sheet used in ti,e present inverrt-on ^J';^^^,^:^^^^^^ integrating with the deodorizing shert and *e 
cc/cc. the density becomes higherbecauserfthepr^re^^ 
Sp^meating resistance becomes h.gher. on *e <*^^^ 

be^,mesdH.icuHtomain^ntt-^ed^^^^^^ 
10 [0089] -me above packing density refers to a pacing 
sheet and is calculated by the following fbnnula. 

Packing density (cc/cc) - (W x 10-*)/CT x p) 



Ts where 



W: weight of fiber layer (g/m^) 
T: thickness of f iber layer (cm) 
p : density of fiber (g/cc) 



25 



30 



p : oensny ui nuw w~/ . 

property. These additive used herein are ^^^^l!^^^^^^^^^-^^^^^^'^'^- ^l^TT^ iT 
as sodium bis (4-t-butyiphenyl)phosphate. /'fj^^^^^^^^^ W 
Srastris(3.5-di4-butyl-4-hydroxybenz^)^^^ 

bis(2'-methyl-4-hydroxy-5'-t-butylphenyl)butane. , 
r9bisT2-l3-t-buil-4-hydro)cy-5.methylpheny^^^^^ diphosphate. 
Sni-t-butylphenyl)pentaerythrHol diphosphate. J'f^^^lf^Ji^^re such as 3-(N-sa«^^^^^ 
Sid«^^iw^i-tWlphenyl)octylphosphrt^ eta; *^«^"2j^,^SS2<2-hydroxy-5--mel^^ 
Se dtallcyloylhydrazidedecanedica*^^^^^^^ 
triable 2-(2'-hydro)cy-3MW5'-methylphenyO-5-*l«obere«r^o^^^^ . ^ tetracartwxylate. 1.2.2.6.6-pen- 

Ml^ " ' K Mi,«mallasDOSSibletoattalnlowpressurelossandhighdustremovingpercent- 

[0096] TheweightofthecoversheetjssmallaspossiDieroa™ k 
so age.andispreferal^yfrom5to100g/nf 

[0097] The cover sheet is preferably melt4»ndeaDeiween«jj 

sheet because fuzz is further inhibited cross-sectional shapes such as circular "oss-seclion. rec- 

100981 In that case, heat adhesive fibers having \arious cro^ ^ a re^ of a single component or may be com- 
2^Lc:;i-section.e.c.canbeused.Thehe^^^^^^^ 

- -biere^e-^rss^^^ 
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polypropylene, and combination of a sheath made of a copdymerized polyester having low melting point and a core 
made of polyethylene terephthalate. In such way, when resins having different melting temperatures are used in com- 
bination to form one fiber having a low melting temperature on the surface of the other fiber, the shape of the inner fiber 
can be maintained by only melting the surface portion at a predetermined temperature. As a matter of course, a plurality, 
of these fiber layers may also be laminated each other. 

[0099] The non-woven fabric comprising the film split type electret fiber as a main component used in the present 
invention may be mixed with an antimicrobial fiber, a deodorizing fiber, an aromatic fiber, a f lame-retardant fiber, or an 
electret fiber or non-woven fabric made by a spun bond or melt blown as far as the function of the fiber layer is not lost. 
[0100] The packing density of the air-permeable sheet used in the present invention is preferably from 0.01 to 0.20 
g/cc, and more preferat>ly from 0.02 to 0. 15 g/cc. When the packing density exceeds 0.20 g/cc, pressure loss becomes 
higher and the dust retention amount is lowered. On the otiier hand, when it is smaller tiian 0.01 g/cc. the strength is 
lowered and the handling property is deteriorated. 

[0101] The packing density of the air-permeable sheet refers to a packing density of all elements including the film 
split type electret fiber, cover sheet and otiier additives, which constKute the airisermeable sheet, and is calculated by 
the following formula. 

Packing density (g/cc) » [weight of air-permeable sheet (g/cm^)]/[thickness of air-permeable sheet (cm)] 

[0102] In the above formula, the thickness of tiie air-permeable sheet is determined as a difference between the thick- 
ness of the whole gas adsorption sheet and the thickness of a deodorizing sheet when a pressure of 180 gf/cm^ is 
applied to the gas adsorption sheet 

[0103] In the gas adsorption sheet of the present invention, tiie method of laminating ttie granular activated cartx3n- 
containing sheet and air-p^meable sheet is not spedficaily limited and, for example, these sheets may also be merely 
laminated each other wittiout fixing. /Additional examples tiiereof include coating of a small amount of an adhesive, or 
bonding method utilizing heat-bonding properties, for example, method of spraying an adhesive fiber to an adherend. 
method of bonding by inserting an adhesive sheet into both sheets, method of bonding by melting using ultrasonic, 
method, etc. or metiiod using no binder, for example, needle punch metiiod, air punch metiiod. water entangling 
method, etc. Anyway, since it is provided on the upstream side, tiie air-permeable sheet is not simply peeled off by a 
wind pressure and strong adhesion is not required. 

[0104] The air-purifying filter of the present invention is preferably obtained by forming the gas adsorption sheet 

explained above into a shape of pleats or wave. 

[0105] The thickness of the formed air-purifying filter Is preferably from 10 to 400 mm. In the case of an application 
for car installation (e.g. installation of car air-conditioner, etc.) and domestic air-purifying apparatus, the thickness is 
preferably from about 10 to 60 mm in view of a normal interior space. In the case of a large-size filter unit installed exclu- 
sively In a buikJing air-conditioning application, the tiiickness is preferably from about 40 to 400 mm in view of an install- 
ing space. 

[0106] The distance between crests of the pleats of the air-purifying filter according to the present invention is prefer- 
ably from 2 to 30 mm. When the distance is less than 2 mm. the distance between tiie pleats is too small and the dead 
space is large and. ttierefore. it becomes impossible to effectively use tiie sheet. On the otiier hand, when the distance 
is more than 30 mm. tiie sheet spreading area is reduced and. tiierefore. it becomes impossible to obtain a removing 
effect according to tiie tiiickness of the filter. ^ 

[01 07] In the air-purifying filter of tiie present invention, which is integrated with an air-permeable sheet, it is preferred 
to provide a surfece layer of tiie granular activated cartx>n-containing sheet on tiie downstream side from the back layer. 
Thereby it becomes hard to peel off the integrated air-permeable sheet. 

EXAMPLE 

[0108] The following working examples further illustrate the present invention in detail but are not to be construed to 
limit the scope thereof. Any workshop modification in accordance with tiie purport described above or below is included 
in ttie technical scope of the present invention. 

[0109] The numerical values in tiie Exanples are values measured by the following procedure. 
(1) Dust (JIS type 15) retention amount 

[01 1 0] The following mixed powders were supplied under tiie conditions of a linear speed of 30 cm/second and a sup- 
plying concentration of 0.5 g/m^ and tiie time at which the pressure loss increased by 150 Pa from tiie initial pressure 
loss is judged that the life was over. At tiie time, the amount of dust accumulated in the filter material was weighed by 
using a balance. This value shows substitutable characteristics of tiie clogging degree by dust. 
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Composition of mixed powder 



Dust (JIS type 8) (average particle diameter: about 8 iim. Kanto-loam) 
Carbon black (average particle diameter: about 0.1 itm) 
Cotton linter (average size: about 1.5 jtm) ^ 



72% by weight 
23% by weight 
5% by weight 



(2) Air permeation resistance 

10111] Pressurelosswasmeasuredonairpermeationundertheconcrrttonsofalin^ 

15 (3) Particles removing efficiency 

tration at the upstream side. 

(4) Sheet packing density 
25 [0113] 

Sheet packing density (g/cc) = [weight of sheetMthickness of sheet] 
[0114] Uhe thickness of the sheet is a value under a pressure off 180 gf/cm^] 

(5) Peelability of a reinforcing sheet 

10115] Pe^at^rrtyolareinforangsheetfrom^ebodysheetunderthecondW^ 
was also compared. 

(Example 1) 

Llsortability measured by JIS K 1474 method of ^J^.'^^'^^'^^^^^^ length d 3 mm as a hot 

fiber length of 8 mm. arKl12 parts by we.ght of ^^^^^^^^^^^^ Using an appa- 

water soluble fiber were dispersed In water fusing ^^^^^^^ 3y iueeS by a pri roller and then 
ratus shown as in Fig. 2. a wet was "lade by a^^^^ "^'^^sZ^^^ h^ng a weight of 300 

ssrarettrrri^spr^^^ 

consisting of a supporting layer and an ^^'^^f^'^'ruo^'^T^e and pressure loss was measured. As a result. 
[0117] The back layer of this sheet was provKled "^^^^"^^^ on the weight of the sheet and. 

f, was very small such as 30 Pa and the ^^^^^ Z SperSfSfhaX properties because the 

therefore, the resulting sheet has very high mention an inaease in pressure 

granular activated carbon was not f^len off dur^ r^h^ a fiS^p^^e anil dogging hardly occurs, 

loss is very slow on dust loading (JIS ^^P^J^^ "'^^^^.P^!^"'^^^ superior in a deodorizing function. 

Finally, dust could be retained .n an amount of " " '''^ ^^/^f pleats having a f Hter thickness of 

handling properties. 
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(Example 2) 

[01 18] 70 Parts by weight of a granular activated cai1x)n having an average particle diameter of 31 0 |jim and toluene 
adsorbability measured k}y JIS K 1474 method of 470 mg/g, 10 parts by weight of a rayon fa}er having 8 denier and a 

5 fiber length of 8 mm, 12 parts by weight of fibrous polyvinyl alcohol having 1 denier and a fiber length of 3 mm, and 8 
parts by weight of a polyester complex fiber having 2 denier and a fiber length of 5 mm, and having a sheath core struc- 
ture, of which a sheath portion has a melting of 1 1 0^*0. were dispersed in water by using a pulper to prepare a slurry for 
wet paper-making. A wet web was made by a wire paper method, slightly squeezed by a press roller and then dried by 
a rotary drying drum at 140''C to obtain a low-packing density gas adsorption sheet having a weight of 400 g/nf and a 

10 sheet packing density of 0.18 g/cc. In this sheet, due to a difference in sedimentation rate, an activated carbon-contain- 
ing layer (k>ack layer) and a surface layer consisting of a supporting layer and an adhesive fiber could be formed similar 
to Example 1. 

[01 1 9] The back layer of this sheet was provided at the upstream side and pressure loss was measured. As a result, 
it was very small such as 32 Pa and the toluene adsorption amount was 33% based on the weight of the sheet and. 

IS therefore, the resulting sheet has very high adsorbability. The sheet was superior in handling properties because the 
granular activated carbon was not fallen off during use as a filter. Deserving special mention, an inaease in pressure 
loss is very slow on dust loading (JIS type 15) until the pressure reaches a final pressure and clogging hardly occurs. 
Finally, dust could be retained in an amount of 38 g/m^. It is a sheet which is not only superior in a deodorizing function, 
but also superior in a dust-removing function. To confirm the actual effect of this gas adsorption sheet, the sheet was 

20 formed into a shape of pleats having a filter planar size of 200 mm x 1 80 mm. a filter thickness of 40 mm and a distance 
between crests of 7 mm, which was further provided with a flame member for fixing end surfaces to make a unit. The 
unit was installed in a car air-conditioner and operated at a steady state (AUTO, wind speed of about 1 m/^eoond) while 
being maintained at a mode of open-air introduction. As a result, an air-conditioning capacity did not change in compar- 
ison with the case where no filter is installed. However, when traveling with keeping a distance of 10 m behind from a 

25 diesel off-gas motorcar, all passengers (four panelists) did not feel an unpleasant odor peculiar to a diesel off-gas. 

(Example 3) 

[0120] In the same manner as in Example 2, except that a granular activated carbon having an average particle size 
30 of 1 30 \ivo was used but the supporting fiber and adhesive fiber were respectively used in the same proportion, a deo- 
dorizing sheet having a weight of 1 70 g/m^ was made. The back layer of this sheet was provided at the upstream side 
and pressure loss was measured. As a result, it was very small such as 28 Pa and the toluene adsorption amount was 
33% based on the weight of the sheet and, therefore, the resulting sheet has very high adsort)ability. The sheet was 
superbr in handling properties because the granular activated carbon was not fallen off during use as a filter. Deserving 
35 spedal mention, an increase in pressure loss is very slow on dust loading (JIS type 15) until the pressure reaches a 
final pressure and clogging hardly occurs. Finally, dust could be retained in an amount of 41 g/m^. It is a sheet which is 
not only superior in a deodorizing function, but also superior in a dust-removing function. 

(Comparative Example 1) 

40 

[0121] A dispersion of butadiene-acryionitrile (10%) in water was sprayed to a low-pressure loss non-woven fabric 
made of polypropylene having an air permeation resistance of 5 Pa and a weight of 20 g/m^ and, after simple drying. 
21 0 g of the same activated carkx)n as that of Example 1 was supported with the non-woven fabric. The air permeation 
resistance of this sheet was very high such as 60 Pa. On dust (JIS type 15) loading, an increase in pressure loss 
45 occurred early and, finally, dust coukj be retained only in an amount of 1 0 g/nf. 

(Conparative Exanrple 2) 

[0122] A net (pressure loss: 2 Pa) made of a polypropylene having a weight of 50 g/m^ and a sieve opening of 4 x 4 
50 mm was impregnated with an acrylonitrile-butadiene latex-based emulsion as a binder, squeezed slightly between rub- 
ber rollers, supported with the same activated carbon as that in Example 1 and further squeezed between the rubber 
rollers. Then, excess activated cartx>n was blown off by an air blow. The air permeation resistance of this sheet was low 
such as 30 Pa, but a large amount of the activated cartx>n was fallen off and the sheet could not be used as a practical 
filter as it is. To prevent the activated carbon from falling off, the non-woven fabric made of polypropylene having a 
55 weight of 20 g/m^ used in Comparative Example 1 was integrated at the downstream side by a needle punch method. 
However, there was a problem that a large amount of the act'tvated carison was fallen off and the non-woven fabric was 
peeled off during the use. Therefore, the filter was not suited for practical use. 
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[0123] The above results are shown in Table 1 . 
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(Preparation Example of air-permeable sheet for dust-removing) 

Air-permeable sheet A 

5 [01 24] An electret split fiber layer (weight: 30 g/m^) composed only of an electret film split fiber made of polypropylene 
(containing 0.3% of aluminum laurate) having a thickness of 8.5 \im and an average split width of 65 fim was made. 
Although pressure loss of this fiber layer is very low such as 7 Pa, the particles removing efficiency was very large such 
as 40%. 

10 Air-permeak)le sheet B 

[0125] An electret split fiber layer (weight: 30 g/nf ) made of a polypropylene (containing 0.3% of aluminum laurate) 
electret film split fiber having a thickness of 8.5 )m and an average split width of 65 )im and a heat adhesive fiber (4 
denier, weight: 10 g/m^ wherein sheath portion is made of a copolymerized polyester and a core portion is made of 
IS polyethylene terephthalate were laminated each other. The laminated was subjected to a needle punch processing at 
a punch density of 50 punch/inch^ and then heat-treated in a hot-air oven at 120^C for 30 seconds to make a film split 
type electret fiber layer A. Although pressure loss of this fiber layer is very low such as 8 Pa, the particles renfK)ving effi- 
ciency was very large such as 40%. 

20 Air-permeable sheet C 

[0126] An electret split fiber layer (weight: 30 g/m^) made of a polypropylene (containing 0.3% of aluminum laurate) 
electret film split fber having a thickness of 8.5 \ia) and an average split width of 65 ^m and a non-woven polypropylene 
fabric (4 denier, weight: 1 5 g/m^ made by dry method were subjected to a needle punch processing to make a film split 
25 type electret fiber layer B. Although pressure loss of this fiber layer is very low such as 8 Pa, the particles removing effi- 
ciency was very large such as 41 %. 

(Example 4) 

30 [0127] In the same manner as in Example 2, a deodorizing sheet having a weight of 350 g/m^ was made and an adhe- 
sive (fiber diameter: 50 fim) having a probe tack of 950 g/5 mm0 at 25°C defined in ASTM D2979 was sprayed in an 
amount of 4 g/m^, to the back layer of the sheet After laminating with the air-permeable sheet A. the laminate was 
slightly interposed between press rollers and then integrally bonded at normal temperature to make an integrated dust- 
removing deodorizing sheet. Some fuzz occunred at the air-permeable sheet side of this sheet, but it was not unsuitable 

35 for practical use. 

(Example 5) 

[01 28] An adhesive (fiber diameter: 50 jim) having a probe tack of 950 g/5 mm0 at 25^C defined in ASTM D2979 was 
40 sprayed in an amount of 4 g/m^ to the back layer of the deodorizing sheet (weight: 170 g/m^) obtained in Example 3. 
After laminating with the air-permeable sheet B, the laminate was slightly interposed between press rollers and then 
integrally bonded at normal temperature to make an integrated dust-removing deodorizing sheet. This sheet was supe- 
rior In handling properties because fuzz is not observed on both surfaces of this sheet. 

[0129] Although pressure loss of this fiber layer is low such as 40 Pa. the particles removing efficiency was very large 
45 such as 39% as a matter of course. Also an increase in pressure loss is very slow on dust loading (J IS type 15) until 
the pressure reaches a final pressure and clogging hardly occurs. Finally, dust could be retained in an amount of 50 
g/m^. To concretely confirm the actual effect of this sheet, the sheet was formed into a shape of pleats having a filter 
planar size of 200 mm x 1 80 mm. a filter thickness of 40 mm and a distance between crests of 8 mm. which was further 
provided with a flame member for fixing end surfaces to make a unit(spread sheet area:0.36 m^) . The unit was installed 
50 in a car air-conditioner. As a result, the dust (JIS type 1 5) retention amount of the unit was 1 7 g per unit. It is considered 
that the amount of dust which is introduced from the outside into the car filter, per year is about 10 g. although it 
depends on the place. Therefore, its useful life is 1 .7 yeeirs. 

(Example 6) 

55 

[0130] The back layer of the deodorizing sheet obtained in Example 3 was laminated with an air-permeable sheet C 

and then integrated by subjecting to a needle punch processing at a punch density of 50 punch/inch^ using a needle 
punch apparatus. As a result, fuzz hardly occurred and its performance was good and the same as that of Example 3. 
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Sheet and film split type ereclret fiber layer. 



5 (Example 7) 



10 



ance was measured. As a result. Ihe toluene adsorpton f T^^^^^^^s^^^^^^ off during 

Sheet T^e Sheet was superlorlnhan^^^^ 

use as a filter. Deserving special mentioa an '"^^J]^^^ .Zj ^^^y ^e retained in an amount of 50 



15 talning the deodorizing function. 

10132] The results are shown in Table 2 
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Characteristics | 


Dust {JIS 
type 15) 
retention 
amount (g/m^) 


o 

in 


o 

m 


IX> 

in 


Particles 
(0.3 pm) 
removing 
efficiency 


Ch 


a\ 
n 


&i 
<n 


Pressure 

loss 

(Pa) 


CD 

m 


o 


ro 
tn 


Packing 
density of 
air- 
permeable 
sheet 
(g/cc) 


0.06 


o 


0.12 


Sheet configuration | 




Activated 
carbon 
amount 
(g/m^) 


o 
in 


o 

CM 
1-1 


o 
eg 


Granular activated 
carbon-containing 
deodorizing sheet 


Activated carbon- 
containing sheet by 
wet paper method 
(using activated 
carbon having a 
particle diameter of 
310 \im, weight: 350 
g/m^) 


Activated carbon- 
containing sheet by 
wet paper method 
(using activated 
carbon having a 
particle diameter of 
130 pm, weight: 170 


Activated carbon- 
containing sheet by 
wet paper method 
{using activated 
carbon having a 
particle diameter of 
130 pm, weight: 170 


Electret fiber 


Film split type 
electret fiber 
(30 g/m^) 


Film split type 
electret fiber 
(30 g/m^) + 
polyester heat 
adhesive fiber 
(10 g/m') 


Film split type 
electret fiber 
(30 g/m^) + 
polypropylene 
non-woven 
fabric (15 
g/m^) 




Example 4 


Example 5 


Example 6 
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aaims 



1. A gas adsorption sheet having a granular activated cartx,n^ntaining sheet 

adhesive coTOonent and a granular activated cartwn having an average partide diameterof 60 to 600 V^-^ 
s :S3rsSSport!«fi«rfccestheg,anulara^^ 

nent is an adhesive f ber which mainly contrilxites to shape retention. 

2 Tlie oas adsorption sheet according to claim 1 . wherein the granular activated ca*on-containing sheetojmpns^ 
rsuS^ceCeSaicklayerfc.medonthel«cKofthesurfaceteyer.thesu^^^ 

10 activated cart)on than the back layer. 

3. Thegasadsorptionsheetaccoalingtoclaim1or2.whereinthegranulara 
grally formed by wet bonding using a water-welling fiber as the adhesive fber. 

7. -me gas adsorption sheet according to dalm 6. wherein an average open area per one pore of the small pores is 
25 from 0.5 to 3 mm^. 

8. The gas adsorption sheet acco>ding to claim 6 or 7. wherein the number of the small pores is from 1 to 20 per 1 
cm2 of the granular activated carbon-containing sheet. 

30 9. Thegasadsorptionsheetaccordingtoanyoneofdaims6to8.whereinaporosityofthesmallporesisfrom 

10%. 

1 0. The gas adsorption sheet according to any one of claims 1 to 9. which further comprises an air-permeable sheet 
in addition to the granular activated caibon-containing sheet 

11. TT,egasadsorptionsheetacco«lingtoclaim10.whereintheair.pem,eablesheetislaminatedo^ 
the granular activated caibon-containing sheet 

12. Thegasadsorptionsheetaccordingclaim10or11,whereintheairi,ermeablesheetcomprisesanon-^^^ 
40 made of a film split type electret fiber as a mam component 

13. The gas adsorption sheet according to dalm 12. wherein the air-permeable sheet is further provided with a cover 
sheet in the form of a non-woven fabric, woven fabric or net. 

« 14. Thegasadsorptionsheetacco«lingtoanyoneofdaims10to13.whereinapaddngdensityoftheair-perme^^ 
sheet is from 0.01 to 0.20 g/cc. 

15. An air-purifylngfifter obtained by formingagas adsorption sheet Of any one Of daimsltoUintoasha^ 

or wave. 

16. The air-purifying filter according to claim 15. wherein a thid<ness of the filter formed from 10 to 400 mm and a 
distance between crests is from 2 to 30 mm. 

1 7. A method for producing a gas adsorption sheet, comprising a step of forming a granular activated cartjon-contain- 
Ing sheet, characterized in that said step comprises steps of: 

preparing an aqueous slurry containing a granular activated cartx)n having an average particle diameter of 60 
to 600 Jim. a supporting fiber and a water-swelling adhesive fber. 
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spreading the aqueous slurry in a sheet-like form, and 
mechanically dewatering and drying the aqueous slun'y spread. 
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